ABSTRACT
INTRODUCTION
Paddy fields are artificial wetlands, with cultivation under surface irrigation and nutrient management practices (Ping & Wei 2013) . Rice is the staple food for Malaysian, performing 3,000 tonnes of the rice production in 2016 (FAO 2016) . Paddy cultivation is believed to be the most important sites for global carbon cycling. In paddy soils, soil organic carbon accumulation commonly occurs because of intensive rice production, inputs of high level of plant residues, coupled with their slowed decomposition under anaerobic conditions (Marrenjo et al. 2016) . Soil organic carbon is a basic component of all agro-ecosystems and role as an essential link among various physical, chemical and biological properties in the soil (Maggie et al. 2018) . The mechanism of soil organic carbon stabilization is related to occlusion into aggregates and phytoliths, as well as by interaction with iron oxides and clay minerals (Wissing et al. 2013) . Soil organic carbon content also acts to maintain a sustainable increase in rice production (Zhao et al. 2016) . However, tillage, crop residue and nutrient management practices are common factors to influence soil organic carbon dynamic in paddy soils. Studies proposed that soil management practices, such as intensive tillage and crop residue burning or removal can contribute to soil organic carbon loss (Ghimire et al. 2015) . In paddy field area, another factor which can affect the soil organic carbon dynamic is the presence of soft clay soil. This soil is characterized with very low compaction as indicated by the soil penetration resistance value of less than 0.40 MPa (Azizul 2008) . This is probably due to the weak hardpan layer that cannot support the surcharge load imposed by machinery equipment, especially during soil preparation and harvesting seasons. In Kedah, Malaysia, this problem has become a major issue and influenced the income of the paddy planters of that affected areas. The non-stop cultivation, climate and poor drainage system are several factors that caused soft clay soil problem in the paddy field area . Besides, some abandoned paddy fields that associated with soft clay soil problem become waterlogged area due to poor drainage, which then it can affect the carbon sequestration. Major processes influencing soil organic carbon dynamic in waterlogged soil environment of paddy field include changes in redox potential, soil pH, reduction of carbon, nitrogen and sulfur (Fageria et al. 2011) . Soil chemical changes under reduced environment and extremely limited oxygen supply in the floodwater system also considerably influence soil organic carbon content.
Numerous studies across climatic zones have reported soil carbon dynamic that occurred in the paddy field area (Peng et al. 2017; Watanabe et al. 2017) . However, the most of studies only focused on the normal paddy soils. On the other hand, change of soil organic carbon in soft clay soil at the problematic paddy field has been rarely reported. The presence of soft clay soil in paddy field area will result in dramatic change in soil environment. Declining soil organic carbon due to the soft clay soil problem can decrease in soil fertility which then may be one of the most important reasons for rice yield stagnation. Therefore, improving soil fertility, especially soil organic carbon content is an important key in maintaining a sustainable increase in rice production (Murphy 2015) . One of the common options to enhance the soil organic carbon is through organic soil amendments (Liu et al. 2016; Zhang et al. 2016) . Hasil Tani Organic Compound (HTOC) is an alternative product that could potentially acts as soil amendment to increase soil organic carbon and soil quality. This is manufactured by using organic component consisting of wood residuals as well as humic acid and zeolite mineral in a specific ratio (Sahibin et al. 2016) . Hence, this current study aimed to examine closely the effects of soft clay soil on soil organic carbon content and observed the change of soil organic carbon content after the application of HTOC product.
MATERIALS AND METHODS

SITE DESCRIPTION
The experimental paddy field was located in Alor Senibong, Langgar, Kedah, Malaysia (6°6'15.19"N and 100°27'55.74"E) (Figure 1 ). This region had a tropical humid monsoon climate, with mean annual precipitation of 2,364 mm and mean annual temperature of 30°C. The paddy soil was an acid sulphate soil that characterized with low pH because the presence of jarosite (sulfate mineral) in the subsoil. The studied soil was clay in texture with fine particles (clay + silt) about 80% that classified as Tualang Series (Paramananthan 1987) . The clay minerals of soft soils are the basis of kaolinites. The layers in kaolinite are held together by fairly weak bonds as compared to illite and montmorillonite, thus make the soil is susceptible to disperse. This site has experienced with the presence of soft clay soil problem that caused the soil become less fertile and low rice yield with an average production of less than 2 t ha -1 season -1 . Paddy cultivation in this area applied the fertilizers and pesticides subsidized by Malaysian government.
FIELD TRIAL
The soil column with three replicates (30 cm depth) were collected at problematic soils (soft clay soil) and at normal soils within the paddy field area to measure soil organic carbon content and soil properties in May 2016, before plowing period and after applying HTOC product at the first harvest (September 2016). Plot size was about 1.5 ha. HTOC was applied after the first plowing activities using a portable sprayer with capacity of 200L at rate of 0.20 t HTOC ha -1 season -1 . Rice variety MR219 was used in this study that was commonly planted by farmers throughout Peninsular Malaysia.
SOIL ANALYSIS
For soil analysis, soil samples were air-dried and passed through a 2 mm sieve before analyzing the physical and chemical properties. The visible pieces of organic material were removed before and after grinding. Soil organic carbon content was determined using CHNS instrument. The following laboratory works were carried out to determine paddy soil properties. Soil pH was analyzed by using distilled water based on 1:2.5 ratio of soil and water which then it was measured by pH meter WTW INOLAB Level 1 (Metson 1956 ). Electrical conductivity was extracted into saturated gypsum and measured by meter conductivity device Model H 18819 Hanna (Massey & Windsor 1967) . Organic matter content was determined using the gravimetric method (Avery & Bascomb 1982) and the hydraulic conductivity was determined using the falling head method (Kirkby 1980) . The soil bulk density was determined using wax method (Russell & Balcerek 1944) . Total nitrogen was determined using Kjeldahl Method (Persson 2008) . Humic acid content in the soil was extracted by suspending the soil overnight in NaOH (0.5 mol·l −1 ) solution and the supernatant was collected by centrifugation. The extract was then acidified up to pH2.0 using 6 N HCl. The residue was washed with HCl (0.5 mol·l −1 ) solution and the washings and supernatants were combined for separating humic acid.
CALCULATIONS
Soil Organic Carbon Change Rate
The rate of change in the soil organic carbon content was calculated as the difference in the soil organic carbon content under a given treatment across the study months, divided by the duration (months), as follows:
where ΔC rate is the rate of change in soil organic carbon content (g C·kg·mth. ); and i is the time of measurements (months); and ΔC cont is the difference in soil organic carbon content from month i 2 to month i 1 .
Soil Carbon Stock Soil carbon stock in specific depth was calculated as follows:
where Cs is the soil organic carbon in specific depth (t·ha −1 ); conc i is the soil organic carbon content (g·kg −1 ); B d is the soil bulk density (t·m −3 ); and H is the soil thickness (0.30 m).
STATISTICAL ANALYSIS
Data were analyzed and tabulated in IBM SPSS Statistic software version 21. Significant differences between the means were evaluated at the 95% confidence interval using independent sample t-test (p<0.05). The relationships between the variables were evaluated using correlation analysis.
RESULTS
SOIL ORGANIC CARBON AND BASIC PROPERTIES OF SOFT CLAY SOIL
The soil analysis results from the soil samples of experimental paddy field were shown in Table 1 . The soil organic carbon content of soft clay soil taken from the experimental field was found low, it had about 0.67%. The lowest soil organic carbon was observed in the topsoil and FIGURE 1. Location of the study area increased throughout the depth. Contrarily, the soil organic carbon was found a higher than soft clay soil with value of 2.96%. The pH value of the soft clay soil was at 3.20 and it was slightly lower than normal soil. This low pH in this region was due to the presence of jarosite in the soil. To optimum production, paddy soil needed pH value around 5.5-6.5, hence the lime and soil amendment was applied to improve soil properties. Electrical conductivity of the soft clay soil and normal soil was low and salt-free with values of 2.07 and 2.11 mS·cm -1 , respectively. Hydraulic conductivity in the soft clay soil was a poor-drained at 0.19 cm·hr -1 while normal soil was a well-drained at 0.72 cm·hr -1 . Soil organic carbon was highly positive correlated with hydraulic conductivity (Figure 2) . The soil bulk density was found to be at the good level, which means they could provide structural support for water and solute movement as well as aeration. Organic matter content in the soft clay soil was low at around 1.36% while normal soil was moderate at 5.07%. Total nitrogen in the soft clay soil was low at 0.13% while normal soil was moderate at 0.22%. Humic acid content in the soft clay soil was found a lower than the normal soil (Table 1) . This acid had a great importance in ensuring the occurrence of microbial decomposition of different organic substrates (Munawar & Wanti 2016) .
SOIL CARBON STOCK
Soil organic carbon and carbon stock dynamics at various depths in the experimental field were shown in Table 2 .
Soil organic carbon and carbon stock in the soft clay soil exhibited lower values than normal soil. Soil organic carbon content was found the lowest at depth 0-15 cm with value of 0.67%. Subsequently, it raised to 2.68% at depth 15-30 cm. The lowest soil carbon stock was found around 1.01 t·ha -1 at depth 0-15 cm and increased to 4.10 at depth 15-30 cm. On the other hand, the normal soil exerted the highest soil carbon stock in this trial with value of 5.00 t·ha -1 at depth 0-15 cm and then increased to 5.24 t·ha -1 at depth 15-30 cm. There was a significant change for soil organic carbon and carbon stock in the soft clay soil and normal soil (p<0.05, Table 2 ). This showed that the presence of soft clay soil significantly decreased soil organic carbon content in the soil as compared to normal soil. However, the soil bulk density would not change during cultivation period. This assumption was supported by constant soil bulk density throughout the depths between soft clay soil and normal soil in the experimental paddy field (p> 0.05, Table 2 ). Moreover, this study found a positive correlation between the water stability soil aggregates and soil organic carbon (Figure 2 ).
SOIL ORGANIC CARBON DYNAMIC BEFORE AND AFTER HTOC APPLICATION
Soil organic carbon and carbon stock in the soft clay soil samples before and after being treated with HTOC product were shown in Table 3 . The application of HTOC significantly increased the soil organic carbon content by 0.67-3.14% (depth 0-10 cm) and 2.68-2.84% (depth 15-30 cm) in September 2016 from the amount in May 2016. . Relative soil organic carbon content was positively correlated with humic acid content (Figure 3 ). This figure showed an increase in humic acid content and soil organic carbon as the quantity of HTOC added to soil. The soil organic carbon and carbon stock value of soft clay soil in the experimental field was significantly lower than normal paddy soil. This value was at below the required level for rice production (MARDI 2002) . The alteration the physical properties of soft clay soil affected the rate of soil organic carbon loss. The physical properties involved organic matter content and hydraulic conductivity. The result in this study showed that the soft clay soil had lower organic matter content as compared to normal soil. It was possible that the acidic nature of the soil may have limited the abundance of microbes and their ability to decompose biomass to release more carbon (Razi et al. 2017) . Hydraulic conductivity described the ease with which water can move through soil pore spaces (Rodriguez et al. 2011 ). In the soft clay soil, the hydraulic conductivity value was very low resulted in waterlogged condition. This condition with extremely limited oxygen supply was considerably influence soil organic carbon (Xiao et al. 2017) . The decrease in soil organic carbon content of Water stability aggregates (%) the soft clay soil was directly correlated with decrease in hydraulic conductivity value. Hence, the result of study showed that soft clay soil would give effect on the soil organic carbon content. According to our hypothesis, the soil organic carbon reduction was primarily due to the soft clay soil problem and not because of other factors, such as climate. To support our hypothesis, a study across the distinct climatic region (Nittya & Sirintornthep 2011) was compared to this current study. Their output obtained the soil organic carbon level in paddy field without soft clay problem was found at good level. Moreover, soil organic carbon content in the topsoil from their study showed a higher value as compared to the soft clay soil sample in this current study. Typically, soil organic carbon decreased when the soil had low water stability of soil aggregates, whereas high water stability of soil aggregates could enhance the soil organic carbon accumulation (Eduardo et al. 2016) . Both the studies (Meng et al. 2014; Wang et al. 2013) have found that the breakdown of water stable aggregates could lead to reduce soil organic carbon. The reduction may be attributable to the fact that soft clay soil was sodic soil, clay particles were less tightly bound to each other and soil aggregates easily dispersed when the soil became wet (Adnan et al. 2017) . In addition, the decrease in soil organic carbon content of the soft clay soil was directly correlated with decrease in the water stability of soil aggregates value. Hence, the paddy field with soft clay soil tended containing soil organic carbon level near the minimum as compared to the other normal paddy soils. Another factor affecting soil organic carbon loss in the soft clay soil was the change of biological processes (Anlei et al. 2017) . The presence of high moisture content permitted the soft clay soil to experiencing continuous wet condition. This condition caused to grow Cyperus plants around this area. Hence, carbon input into the paddy soil was from Cyperus roots. The greater amounts of Cyperus-root carbon and lower soil organic carbon content in the soft clay soil proposed that the conversion rate of Cyperus-root carbon to soil organic carbon was far lower than the carbon decomposition rate.
EFFECT OF HTOC ON SOIL ORGANIC CARBON
The use of HTOC in the experimental field affected soil organic carbon. Based on the result of previous studies the HTOC could raise organic carbon of soil and consequently decrease the excess moisture content of paddy soil (Sahibin et al. 2016) . After being treated with HTOC, soil organic carbon and carbon stock content of soft clay soil significantly increased from the initial value. Soil organic carbon value was at the optimum range, where it was suitable for paddy cultivation about 2-3% (MARDI 2002) . This means that by adding HTOC product with standard rate into the land was sufficient to raise the soil organic carbon to above 2.50%, which was within range of values required for paddy cultivation. The carbon sequestration in the soft clay soil was also rapidly increased after HTOC application. This showed soil organic carbon accumulation rates were clearly faster than the loss rates after HTOC application. The HTOC was enriched by organic matter in the form of humic acid that could supply source of carbon for metabolic reactions in the soil (Sahibin et al. 2016) . The increase in soil organic carbon level in this study was directly correlated with increase in humic acid content. Other studies confirmed that the humification of organic substrates led to the condensation of carbon moiety and increased total carbon content in the soil (Claudia et al. 2013; Watanabe et al. 2007 ). Several studies showed that organic matter residues could enhance soil organic carbon level (Chivange et al. 2011; Liu et al. 2014; Peng et al. 2017) . One of organic residues was rice straw compost (Watanabe et al. 2017) , their result found that the application of rice straw compost in paddy soil could increase soil organic carbon to the optimum value. Our result agreed with those previous studies. However, at present, many farmers in this country simply burn rice straw in the field. Hence, the use of soil amendment product that manufactured from organic components like HTOC was needed for current agricultural practice.
CONCLUSION
The soft clay soil in the paddy field area had a low of soil organic carbon content (0.67%) as compared to normal paddy soil (2.96%). The waterlogged soil environment, the low of aggregate stability and humification process could reduce soil organic carbon in study area. After being treated with HTOC, soil organic carbon and carbon stock were rapidly increased by 0.67-3.14% and 1.01-4.76 t·ha -1 of its initial content within one season of paddy cultivation period, respectively. The mean monthly rate of soil organic carbon change at this period was 4.94 g C kg −1 ·mth. −1 . Therefore, the soft clay soil problem clearly carried a high risk of soil organic carbon loss and reduced the soil fertility in paddy field area. However, by treating the soft clay soil with HTOC product, soil organic carbon was able to be enhanced and maintained to range of values with high fertility index for rice production.
